Physician scarcity in rural areas is a major obstacle to healthcare access, leading to health inequity worldwide. In Thailand, a special recruitment program of medical education [Collaborative Project to Increase Production of Rural Doctors (CPIRD)] was initiated with four different medical training tracks. No previous research has examined the rural retention of new medical graduates across the CPIRD tracks, compared with those receiving conventional medical education (Normal track). This study examines the public retention of rural physicians from different tracks of entry. A retrospective study was conducted in new medical graduates who entered Ministry of Public Health (MoPH) hospitals from January 2003 to October 2014, and followed up until June 2015, using administrative data from the Personnel Administration Division, MoPH. The CPIRD registry database was used to identify physicians' tracks of entry. Survival analyses and multiple logistic regression analyses were applied to compare the annual retention and the probability of 3-year retention of rural physicians. Results clearly demonstrated a high rural retention of CPIRD medical graduates, compared with their Normal track peers, regarding both lower annual resignation (HR 0.456, P < 0.001) and higher 3-year retention (OR 2.441, CI: 2.192, 2.719). Some variations of rural retention were revealed across the different CPIRD tracks. Evidence from this study can be used as part of the information to reshape the physician production policy to reduce health inequity in rural areas.
Introduction
The World Health Organization (WHO) system framework has indicated that provision of healthcare access is among the fundamental elements attributable to improvement in health and equity (World Health Organization 2007) . To achieve this goal in Thailand, massive investment in public health facilities was undertaken on several levels throughout the country to increase healthcare access since the 1980s; all these facilities-including community hospitals in all districts, provincial hospitals in all provinces, and regional hospitals for referral within the regions-are operated under the Ministry of Public Health (MoPH). All MoPH hospitals are located outside the capital with the intention of delivering healthcare access to rural areas (Tangcharoensathien 2015) .
Despite the availability of public hospitals, healthcare access was still considered limited, especially in the district level, owing largely to physician scarcity (Wibulpolprasert 2011) . Although the optimal doctor-to-population ratio of 1:1800 has been achieved since 2016 , the lack of physicians in the rural areas remains unsolved. This is because physicians are inclined to move into the private sector or urban areas (Wibulpolprasert and Pengpaibon 2003) . In other words, inequitable distribution has played a crucial role, apart from inadequate numbers, in the scarcity of physicians in rural areas.
To improve retention of physicians in the remote areas, WHO has made a series of recommendations which include interventions pertaining to the education and regulatory processes (World Health Organization 2010) . These interventions include recruiting medical students from rural backgrounds, having medical schools outside major cities, and compulsory service agreements (World Health Organization 2010).
Reviews of the literature have reported that various combinations of recommendations have been implemented in many countries (Lehmann et al. 2008; Buchan et al. 2013) . With regard to the interventions' effectiveness, evidence from developed countries revealed that rural work is more attractive to medical graduates with a rural background, compared with their urban counterparts. Moreover, research has shown a positive impact on physicians' retention in rural services of rural recruitment, rurally located medical schools and compulsory service (Dolea et al. 2010) .
In 1994, the Collaborative Project to Increase Production of Rural Doctors (CPIRD) was initiated with the aim of increasing physician numbers for rural services through a special recruitment system (Lertsukprasert 2015) . Conventionally, medical students are recruited through the national entrance examination or direct admission and will study in the university-based medical schools (Normal track) which are located in the major cities of Thailand.
However, students who are eligible to apply for the medical schools through CPIRD must reside or be educated in the specified rural areas. While the pre-clinical learning during the first 3 years of CPIRD students is arranged at the same university-based medical schools as their Normal track peers, the training in the clinical years of CPIRD students is undertaken at the university-affiliated medical schools which are mostly located outside major cities and nearby their hometowns.
Research has demonstrated the success of CPIRD in increasing physician supply and rural retention (Pagaiya et al. 2015) , without compromising medical competency (Yi et al. 2015) . This achievement was echoed in qualitative studies indicating that distance between workplace and home is among the most important reasons for workplace selection, resulting in CPIRD physicians being more likely to prefer the rural work, compared with the Normal track doctors (Pachanee and Wibulpolprasert 2006; Putthasri et al. 2013; Thammatacharee et al. 2013) .
Since 2005, CPIRD has initiated up to 4 different tracks for medical training: (1) regular CPIRD program (Regular_CPIRD)-the original CPIRD program run since 1995 for high school students who reside in the designated areas; (2) one-district-one-doctor program (ODOD)-the outreach program launched in 2005 for high school students who live in remote rural areas; (3) regular postgraduate program (Grad)-the post-graduate program for those who already have medical-related bachelor degrees; and (4) postgraduate program for civil servants (Grad_CS)-the post-graduate program available only for those who work as civil servants in the MoPH with medical-related bachelor degrees.
Similar to the Normal track, the Regular_CPRID and ODOD programs offer a 6-year training of medical education for high school students. Unlike the undergraduate program, those eligible for Grad and Grad_CS require only 5 years of training (only 2 years for pre-clinic) in the medical school.
Regardless of the track of entry, all medical students who graduate from public medical schools are subject to have a contract to work in the public hospitals after graduation (Tangcharoensathien 2015) . Most medical graduates, except ODOD, have to work in the MoPH hospitals for 3 years; otherwise, a fine of 400 000 Baht or approximately US$11 500 (US$1 ¼ 35 Baht) will be forfeited. Concerning ODOD physicians, 12 years of rural work are required; a breach of contract results in a US$57 300 fine.
Owing to differences in the recruitment process and terms of contract, retention of rural physicians from different CPIRD tracks can vary considerably. No previous research, however, has examined the rural retention of new medical graduates across the CPIRD tracks. The purposes of this study are two-fold: (1) to compare the retention of physicians in the MoPH hospitals across the tracks of entry; and (2) to examine the probability of 3-year retention among rural physicians from different tracks of entry.
Material and method
A retrospective study was conducted in new medical graduates who entered MoPH hospitals from January 2003 to October 2014. The administrative data from the Personnel Administration Division, MoPH were used to identify the samples and their information such as demographic characteristics and region of workplace. The administrative data contained information on physicians who remained in the MoPH and of those who resigned. While the dates of entry to the MoPH were available for all doctors, the data only contained resignation dates for those doctors who had resigned. All samples were followed up from January 2003 to June 2015. Rural retention was defined as physicians whose resignation date did not appear in the administrative data, indicating that they still worked in the MoPH hospitals.
The CPIRD registry database, containing data of all CPIRD students since the program inception, was used to identify physicians' tracks of entry; that is, physicians who did not appear in the database were categorized as the Normal track; tracks of entry of CPIRD graduates in the database were categorized into four groups: Regular_CPIRD, ODOD, Grad and Grad_CS. Data of CPIRD graduates retrieved from the administrative data were verified with the CPRID registry data to assure the data accuracy.
Survival analysis
Overall survival was defined as the time from MoPH entry to the resignation date. The Kaplan-Meier survival estimates, with respect to physicians' tracks of entry, were compared using the log-rank test. Cox proportional hazard models were estimated to examine the relationship of tracks of entry to the survival from rural services, controlling for sex (male, female) and regions of workplace (Central, North, Northeast, East and South). The analyses were performed separately on all physicians and on those who were CPIRD physicians. Compliance with the proportional hazards assumptions of Cox regressions was assessed using Schoenfeld Residuals (Schoenfeld 1982) ; as the results showed that Cox models did not conform to the assumption of proportionality, robust standard errors were applied to determine the significance of the models (Lin and Wei 1989 ).
Probability of 3-year rural retention
With respect to the contract, a 3-year rural service is designated for most new medical graduates, except ODOD doctors. The probability of 3-year retention in the MoPH hospitals was thus applied as an outcome of interest. The analysis excluded physicians having intervals from entry to the last day of follow-up <3 years, i.e. starting after May 2012, to allow a minimum of a 3-year duration for all samples.
To assess the relationship between tracks of entry and the probability of 3-year rural retention, multiple logistic regression analyses were calculated, controlling for sex and region of workplace. The analyses were also performed on CPIRD physicians alone. The goodness of fit of the models was calculated using the HosmerLemershow test (Hosmer Jr et al. 2013 ); high-probability values were found in all models, indicating a good fit of the data to the logistic function. Robust standard errors were applied to the logistic regression analyses to compute confidence intervals. Areas under the receiver operating characteristic (ROC) curves were calculated to predict the discriminatory power of the models (Hanley and McNeil 1982) .
All analyses were performed using Stata version 13 (StataCorp 2013).
Results
A total of 15 253 physicians were identified, with 10 487 graduates from the Normal track, 3989 from the Regular_CPIRD, 510 from ODOD, 63 from Grad and 204 from Grad_CS, as seen in Table 1 .
To Kaplan-Meier estimates, the rural service retention of Normal track physicians was significantly lower than that of their CPIRD counterparts (P < 0.001, log-rank test) as demonstrated in Figure 1 . Differences in rural retention of medical graduates comparing across the five tracks of entry were also reported from the survival analysis (P < 0.001, log-rank test), as illustrated in Figure 2 .
Considering all physicians, results from the Cox proportional hazard analysis showed that CPIRD physicians have a 54.4% lower annual probability of leaving the MoPH hospitals than do their Normal track peers. In this regard, unlike other CPIRD graduates, the annual resignation rate of Grad physicians is not different from that of the Normal track. There is also evidence indicating that female doctors are more likely to resign from the MoPH than males. Concerning the workplace region, the evidence shows a lower annual resignation rate of physicians in the North and South, in comparison with those in the Central region.
Among CPIRD graduates, there is evidence indicating that ODOD and Grad_CS physicians are, respectively, 37.0% and 74.8% less likely to leave the rural services each year, compared with their Regular_CPIRD counterparts. In contrast, Grad doctors have a 63.0% higher annual resignation rate than do physicians from the Regular_CPIRD track. It is noted that there is no difference in the resignation rate between sexes, as seen in Table 2 . Table 3 . Table 4 shows the relationship between tracks of entry and 3-year retention of rural physicians, controlling for sex and region of workplace. Evidence reveals that CPIRD medical graduates are 2.44 times more likely to complete a 3-year rural service, compared with their Normal track peers. The relationship between Normal track physicians and those from Regular_CPIRD, ODOD, and Grad tracks points in the same direction. Regarding this, no difference in the 3-year retention is observed between Normal track and Grad physicians.
Compared with Regular_CPIRD physicians, the 3-year rural retention rate is 286.7% higher in the Grad_CS doctors; conversely, a 52.9% lower retention rate is noted among the Grad medical graduates. Results showed that the 3-year retention probability is not significantly different between ODOD and Regular_CPIRD physicians in this regard.
When taking all physicians into account, evidence shows that female physicians are less likely to complete a 3-year rural service, compared with males. However, there is no such difference in retention between males and females when only CPIRD physicians are considered.
Discussion
Apart from the program success to increase the number of physicians, results of this study clearly confirmed that a higher rural retention of CPIRD medical graduates, compared with their Normal track peers, has been achieved. Moreover, this study also demonstrated that the probability of a 3-year rural service is higher among CPIRD physicians, in relation to their Normal track counterparts. This evidence affirms the realization of CPIRD's goal to increase the production of doctors to serve publicly in the rural areas of Thailand.
While the direction of these results resonates with the findings shown in a previously published study (Pagaiya et al. 2015) , they also show that the rural retention of CPIRD doctors tends to Evidence from the 2000-07 cohorts showed that CPIRD graduates were 20.5% less likely to leave the rural services in comparison with the Normal track. However, the current study, using data from the 2003 to 2014 cohorts, revealed a 54.9% lower probability of public resignation for CPIRD physicians. This particularly emphasizes CPRID's achievement to relieve the physician shortage situation in the rural areas progressively over time. This study essentially contributes to the existing literature by demonstrating a huge variation of rural retention among medical graduates across CPIRD tracks, which has not previously been uncovered.
Concerning medical education for undergraduate students, the CPIRD graduates have outperformed the Normal track in terms of the annual retention in rural services. This could potentially be a result of the special recruitment method. To improve the physician shortage in the rural areas, expansion of the special recruitment program for undergraduates is recommended.
Results from this study pointed out that medical graduates from the post-graduate program for civil servants tend to have a lower probability of rural resignation with a high completion rate of a 3-year rural service, compared with Normal track and regular CPIRD doctors. The implication of this message is that a policy recommendation could be required to increase the production of the post-graduate (civil servant) track in order to retain physicians in MoPH hospitals.
Unlike other CPIRD tracks, the annual retention and 3-year retention of physicians from the post-graduate (non-civil servant) program appear to be not different from those of the Normal track. Furthermore, comparing with the regular CPIRD physicians, the Grad doctors have a significantly higher resignation rate and are less likely to complete a 3-year service in the MoPH hospitals. The information could, in part, contribute towards making a policy decision about the continuation of this program.
Also of note is the effect of gender on rural service retention. Results from the analysis of all medical graduates suggested that female doctors are more likely to resign from the MoPH each year and less likely to complete a 3-year rural service, compared with male doctors. However, the impact of gender is diminished when considering only results within CPIRD physicians. Findings from this study could imply a promising effect of the special recruitment system on the difference in rural retention between genders. Previous literature has documented that, in comparison with other MoPH facilities, community hospitals suffered the most from the lack of physicians (Wibulpolprasert 2011) . In this regard, there is evidence showing that CPIRD physicians have a higher retention rate in the community setting than do their Normal track peers (Pagaiya et al. 2015) . Nonetheless, no published study compares the physician retention in the community hospitals across CPIRD tracks as yet. Future research should thus explore the relationship between CPIRD tracks and retention of rural doctors in the community hospitals in order to gain a better understanding of how to resolve the rural shortage problem.
While this study clearly showed that the 3-year retention rate of CPIRD physicians is high compared with the Normal tracks, there is as yet no obvious evidence concerning retention maintenance after 3 years. Results from the overall survival analyses can partly inform about the post-3-year survival rate among CPIRD physicians. However, questions regarding the contamination of the retention effect during the first 3 years on the overall survival remain unanswered. Future research should thus explore the survival after 3 years of those who were retained, to gain a better understanding of the long-term retention effect of the program.
Results from this study contribute to existing knowledge regarding the impact of rural recruitment and rurally located medical schools on physicians' retention. While the interventions' effectiveness from previous research was derived only from developed countries, this study demonstrated that applying these recommendations in the context of a developing country, e.g. Thailand, reveal a promising outcome as well. Evidence from this study could be used by policymakers in developing countries to take into consideration the application of these rural retention strategies.
Even though the results of this study revealed that integrating WHO recommendations into practice increases physician retention in rural areas, the combination of strategies implemented on each track makes it difficult to evaluate the effect of each individual recommendation. To assess the isolated impact of each recommendation, comparison of recommendations used across various tracks may be required, which is beyond the scope of this study. This is thus acknowledged as a limitation of this study.
Another issue worth considering is the effect of a compulsory service policy on rural retention. This is because, despite being a relatively popular strategy, very little supportive evidence concerning this intervention's effectiveness exists (World Health Organization 2010). The effectiveness of a compulsory service policy was demonstrated by this study which revealed that the ODOD program with 12 years' compulsory service had a higher 3-year retention and long-term survival rate in rural areas than the other undergraduate programs with only a 3-year service requirement. Nevertheless, it is noted that, apart from a long period of compulsory service, the ODOD program also employed other strategies to improve rural retention, such as special recruitment from remote rural areas and the availability of financial support during the study period. Therefore, policymakers should interpret this information with careful consideration before actively adopting this policy.
Although the success of compulsory service has been shown through increasing rural retention, adverse events resulting from the intervention were reported, such as strikes among physicians who were affected by the compulsory service extension (World Health Organization 2010). Hence, the intervention's drawbacks should be considered alongside its benefits when policy implementation is considered.
Conclusions
In 1995, special track recruitment for medical education in Thailand was launched under the CPIRD program with the aim of resolving the shortage of rural physicians. While a high rural retention of CPIRD doctors is indicated in relation to the Normal track physicians, a variation of rural retention across CPIRD tracks exists. Evidence from this study revealed that CPIRD physicians have high rural retention among undergraduate medical education programs. Regarding the post-graduate medical education program, a promising retention rate in rural services appears in medical students who were recruited from civil servants; the non-civil-servant medical graduates are not different from the Normal track physicians in terms of rural resignation. Given the available information, it is recommended that the post-graduate medical education program be focused only on the recruitment of civil servants, while the continuation of special recruitment for the undergraduate program is encouraged.
Concerning policy implications, results of this study indicated a promising effect on increasing rural retention of rural recruitment, rurally located medical schools and compulsory service interventions. Information from this study could be used as supportive evidence for the WHO recommendations to improve physician retention in remote and rural areas.
